The Israeli acute paralysis virus (IAPV; Maori et al. 2007; de Miranda et al. 2010 ) is widespread in Western honeybees (Apis mellifera) for whom it can be a marker of colony losses (Cox-Foster et al. 2007 ). It has also been found in other Hymenoptera (e.g., Vespula vulgaris; Singh et al. 2010) , but the ability of the virus to replicate in such alternative hosts still has to be confirmed, as has been shown recently for the ectoparasite Varroa destructor (Di Prisco et al. 2011) . We investigated whether IAPV can be found in Western and Eastern (Apis cerana) honeybees and in their hornet predator Vespa velutina in China and whether this virus is able to replicate in these organisms. Positive-strand RNA virus replication requires the production of negative-strand RNA replicative intermediates. Detection of negative-strand RNA of IAPV in A. cerana and V. velutina would strongly support their function as alternative hosts of this virus.
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Eastern honeybee workers (N=180) were sampled from six healthy colonies in Jinhua, Zhejiang Province, China. Western honeybee workers (N= 90) were obtained from three healthy colonies at Zhejiang University in Hangzhou subject to predation by V. velutina wasps, which were caught in flight (N=10). Samples were stored immediately at −20°C until RNA extraction.
RNA was extracted from 30 pooled honeybees per colony of each species and from the whole bodies of five V. velutina hornets. Extractions were done with the total RNA Kit II (E.Z.N.A™) following the manufacturer's recommendations. The same kit was used for the separate extraction of the head, thorax and abdomen of the remaining five V. velutina hornets in order to locate in which body parts these viruses occurred. The extracted RNA was eluted in 60 μL of RNAse-free water. Reverse transcription was performed using M-MLV RT Thermoscript® RT-PCR (Invitrogen) with 9 μL of extracted RNA using random hexamer oligonucleotides as primers in 20 μL of reaction final volume, following the manufacturer recommendations. Tenfold dilutions of the resulting cDNA were used for the PCR assays. IAPV detection was performed using MyTaq™ reagents in 50 μL solutions containing 2 μL template cDNA, 10 μL of 5X reaction buffer, 2 μL of each forward and reverse primers (10 μM) and 0.25 μL of Taq polymerase (1.25 U). The primers used are described in Di Prisco et al. (2011) (sense: 5′-GCGGAGAATATAAGGCTCAG-3′; antisense: 5′-CTTGCAAGATAAGAAAGGGGG-3′ generating a PCR product of 586 bp). The PCR assays consisted of 2 min incubation at 95°C and 35 cycles of 20 s at 95°C for denaturation, 20 s at 57°C for annealing, 30 s at 72°C extension and then a final step of 7 min at 72°C. The specificity of individual PCR bands was confirmed by sequencing. Moreover, we analysed the samples for Kashmir bee virus (KBV) and acute bee paralysis virus (ABPV) (primers described in Shen et al. 2005 and Gauthier et al. 2007, respectively) in order to verify the occurrence of related viruses (de Miranda et al. 2010) .
For the detection of IAPV-negative-strand RNA, reverse transcription was performed using M-MLV RT Thermoscript® RT-PCR (Invitrogen) at 55°C for 50 min followed by 70°C for 10 min for inactivation in 20-μL volume. The tagged primer (5′-agcctgcgcacgtggGCGGAGAATA TAAGGCTCAG-3′; Di Prisco et al. 2011) was used for the reverse transcription. The resulting cDNAs were purified for the excess of primers (Boncristiani et al. 2009 ) using the Kit NucleoSpin Extract II and eluted in 30 μL elution buffer. PCR was performed using MyTaq ™ reagents. The amplifications were performed under the same conditions as for the diagnostic PCR assays using the Tag oligonucleotide (5′-AGCCTGCGCACCGTGG-3′; Yue and Genersch 2005) as forward primer. PCR reactions of purified samples without Tag primer were included as negative control.
IAPV was detected in all three A. mellifera colonies and in all ten V. velutina hornets, but in only one A. cerana colony out of the six sampled (Figure 1) . The sequences were compared with that in accession number EF219380 (Maori et al. 2007 ) confirming the identity of IAPV. KBV and ABPV were not detected in our samples. IAPVnegative-strand RNA was not detected in A. cerana, but could be found in A. mellifera and in nine out of the ten V. velutina individuals, including their heads, thoraces and abdomens.
Our data show that, in China, both Western and Eastern honeybees as well as the hornet predator V. velutina are carriers of IAPV, the latter probably due to foodborne contamination via infected honeybee prey. The virus was rarely found in A. cerana, which could be due to the absence of IAPV in nearby A. mellifera colonies that may have acted as reservoirs (Singh et al. 2010) . The detection of IAPV-negative-strand replicative intermediates in V. velutina strongly suggests that the virus replicates in the wasp. Given the presence of negativestrand RNA in the heads and thoraces of the predator, it is unlikely that these replicative intermediates are of honeybee origin. If this were the case, replicative intermediates from the prey would only be expected in the abdomen of the hornet. We detected evidence of IAPV replication in A. mellifera, but not in A. cerana. The virus may not be able to replicate in A. cerana although these bees were carriers. We consider this unlikely given the closer phylogenetic proximity between the two honeybee species than between A. mellifera and V. velutina or varroa in which evidence of replication was found (this study; Di Prisco et al. 2011). The detection of IAPV in A. cerana and V. velutina, together with that of various other honeybee viruses in predatory or non-predatory Hymenoptera (Anderson 1991; Celle et al. 2008; Dainat et al. 2009; Genersch et al. 2006; Singh et al. 2010) , suggests that honeybee viruses can expand to multiple non-Apis species. With the detection of signs of replication of IAPV in a wasp, our results indicate that a non-Apis Hymenoptera could not only be a carrier (Singh et al. 2010 ), but also an additional host for this honeybee virus. Our results and those of others suggest that the number of pathogens shared between social insects and their associated arthropods has been considerably underestimated. Their role could be relevant for the health of honeybees and other insects given the potential increase of pathogen virulence following host shifts (Woolhouse et al. 2001) .
